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Volume III. November, 1895. Whole 
Number 9. Number 29. 

THE SCHOOL REVIEW 
A JOURNAL OF SECONDARY EDUCATION 

SOME PRINCIPLES OF MENTAL EDUCATION * 

The fundamental psychological principles that I am about to 
explain will appear in various lights. Some person will 

complain of their abstractness, difficulty, and obscurity. Others 
will assert that the principles may be all very true and very 
important, but that they are quite unpractical. And finally 
some will exclaim, "Why, that's nothing new! Every- 
body knows this already." I am happy to say that I shall 
agree with everybody. I shall present, explain, and illustrate 
these principles in a general and fundamental way, leaving 
educators in their work to make the practical applications of 
them. Indeed, practical teachers can give a hundred exam- 
ples of their applications where I could think of only one. 

Again, because these principles are stated as principles, i. e. 
as fundamental rules, they must be unpractical. It is only 
when the rule is applied that we have something practical. 
The principles of percentage in arithmetic are not practical 
until actual use is made of them. Finally, all these principles 
are as old as the mind of man. I am not trying to create a new 
mental faculty, to add on another lobe to the brain, I am 
merely trying to state in clear and concise language certain 
principles which we all follow more or less. But by such a defi- 
nite statement I hope that we shall get clear notions of what 
we are trying to do and shall be able to carry out our practical 
work with a full knowledge of the ends and means. 

* Address delivered at the Educational Congress in San Francisco, May x8, 1894. 
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I. PRINCIPLE OF REGULARITY 

Suppose I wish to determine how reliable a person is in judg- 
ing the difference between two weights. I use two weights 
exactly alike and one a little heavier, but all exactly the same 
in appearance. I let him lift one of the weights as a standard 
and then one of the others. He tells me whether they were 
alike or different. Suppose I keep account only of the cases 
where both weights were really alike, the use of the slightly 
different weight being only to save me from telling an untruth 
when I say to him that sometimes the weights are alike, some- 
times different. The results will show that in a certain per 
cent. of the number of trials he will declare that the weights 
are different although they are always alike. A person who 
has a larger per cent. of correct answers is more regular and 
reliable in his judgment than one with a smaller per cent. In 

general we can say that a person's regularity increases with his 

per cent. of correct judgments and, what is the same thing, de- 
creases with his per cent. of mistakes. We can thus propose 
the law; the regularity is directly proportional to the per cent. 
of correct judgments. If the degree of regularity be denoted 

by R then 
r 
n 

where r is the number of correct judgments out of the total n. 

When all the judgments are correct, r= n and R = 

i.oo = ioo per cent., or perfect regularity. 
An exactly similar case is seen in the associations of the ad- 

dition, subtraction, multiplication, and division tables. A child 
has to do a problem involving repeated additions. Wrong 
associations, e. g. 7 + 4 = 10, produce errors in the results. 

Although some of the errors unite in the same final error, yet 
in general we can say that the per cent. of mistakes in the re- 
sult is proportional to the number of wrong associations. 

Likewise in a dictation exercise the per cent. of mistakes for 
each IOO words will indicate the irregularity at each stage of 
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writing. This introduces, as you see, quite a different system 
of marking which for the same exercise can be made universal. 

When an act is repeatedly performed or a stimulus repeat- 
edly perceived, the results vary in quantity provided the means 
of measuring them be sufficiently accurate. A convenient ex- 

ample is given by measurements on the time of rhythmic ac- 
tion. I will take the case of the leader of an orchestra who must 
beat time with his baton. It does not make much difference 

just how fast he beats, provided he beats regularly. To meas- 
ure the regularity in a case of this kind I have arranged an 
electric contact on the end of a baton, by which a spark record 

The Electric Baton.* 

is made on a vibrating time-line drawn on the smoked paper 
of a revolving drum. I will not go into the details of the ar- 

rangement; it is sufficient to say that each beat leaves a record 
and that the time between each record can be measured in 
hundredths or thousandths of a sec. as desired. Suppose I 
have a record of eleven beats measured to hundredths of a sec. 
with the following results: 41, 42, 37, 41, 39, 40, 40, 40, 41. 
38, 4I. The average time of a beat is just 40. How regular 
is the beating? This is determined by finding the difference 

* For the illustrations of this article, which are copyrighted, THE SCHOOL REVIEW is 
indebted to the courtesy of Messrs. Flood and Vincent, Meadville, Penna., publishers of 
" Thinking, Feeling, Doing." 
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between each separate beat and the average, and taking the 
average of these differences. Thus, 

4I I 
42 2 

37 3 
41 I 
39 I 
40 o 
40 o 
40 o 
41 I 
38 2 

4I I 

11 440 ii I2 

40 . I 

The average of the variations (taken without regard to sign) is 
called the mean variation; it is here I. I. In general language, 
for any number of results the average is 

al + a2 + . . ... + an 
a n 

where a, , a2, ., a,n are the separate results 
and n the number of results. 

If we take the difference between each result and the average 
we get vi aZ -a, v2 a= 2 -a, ...... , vn - an --a 

and the mean variation will be 

MV V + V2 + 
. 

+ V 

where no attention is paid to the signs x or - of the original 
differences. * 

Now let us take another orchestra leader whose record gives 
40, 41, 42, 40, 39, 37, 35, 40, 41, 4I, 38; which is the better 
man ? The average is 40 as before, but the mean variation is 

1.8 as compared with I.I. 
*A slightly better formula for MV is 

MV t Vl 
+ V2 + * * + 

but the additional labor of e(n render it impracticable here. 
but the additional labor of explanation and computation render it impracticable here. 
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Suppose we have a third leader from whom we get the Io 
records: 40, 39, 40, 40, 39, 38, 39, 39, 39, 39. The average 
is 39.2, and the mean variation is less than o. 5. 

It is evident that the second leader beats so irregularly that 
an orchestra cannot possibly keep time, that the first leader is 
somewhat better, and that the third is far superior to 
the others. The actual average. time of a beat makes no dif- 
ference within such small limits, as music played at the rate of 
I beat in 0.40 sec. is not sensibly different from that played at 
I beat in 0.39 sec. An essential qualification, however, for 
the success of an orchestra leader is his regularity in estimating 
intervals of time, and this can be determined by getting his 
mean variation. 

Another example similar to the one just mentioned is that of 
a piano player who must learn to strike the notes at regular in- 
tervals. The quarter notes should all be about the same length; 
equal measures should be completed in equal times. For 
most beginners the mean variation in the time given 
to successive measures varies to such an extent that it is painful 
to hear them attempt a tune. By practice with the metro- 
nome successful players are able to reduce their MV till 
it does not disturb the playing. It is not known just how 
far this may be carried, as no one has ever taken the 
trouble to make accurate measurements. I will suggest, 
however, that even when the MV is so small that no 
one distinctly notices the irregularity, yet the actual irregu- 
larity present may be great enough to injure the effect. A 
successful musician of any kind should know not only that his 
instrument is in time but also that he himself is in tune. 

I will take another example of irregularity from the subject 
of force: voluntary movement. A forge-worker must strike 
his piece of iron with just the force needed. The variations 
of several blows from their average will indicate his regularity. 
If he cannot control his hammer so as to strike regularly, his 
MV will be large and he will be a poor workman. A far more 
delicate matter is the force of the blow with the fingers in 
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piano playing, or the pressure of the bow on the violin string. 
Tones that should be of the same intensity must not vary 
too much from their average. 

It will be noticed that I have given two different 
kinds of examples; the first were simply statistical per- 
centages of right and wrong, the second involved meas- 
urements. There is, however, a way of reducing the 
the latter to the same basis as the first. The proba- 
bility of getting a thing always exactly right I will indicate by 
I=- 10O per cent. The percent. of correct judgments obtained 
I take the liberty of calling the person's coefficient of regular- 
ity. In simple qualitative statistics this would be the person's 

actual per cent. of correct judgments, or R- In meas- 

urements where we have calculated the MV, we will assume 

as the coefficient of regularity the the expression M' , where 

MV is expressed as a fraction of the quantity measured. Thus, 
for the first orchestra leader the MV is f1- of the quantity 

measured and his coefficient of regularity will be _- 4-0-0 

=-364. For the second it will be 4-0 ? 222; and for the 

hird, I -= 782. 
I. think now that I have said enough to make clear 

the following statement of this principle: 

Regularity in the perception of stimuli, the association of 
mentalprocesses, and the execution of volitions shall be in- 
creased by education to the maximum extent consistent with 
the principle of economy. The measure of regularity is the 

percentage of correct results out of a possible 1oo per cent. or 
is the reciprocal of the mean variation expressed as a fraction 
of the averag . 

If more examples were needed, I could furnish many from our 

every-day experiences. A person who walks regularly makes 
his steps apparently even in length, time, and power. Since 

nothing is ever exactly right, there will be a MV in length, a 
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MV in time, and a MV, in power, all of which'we can meas- 
ure. That such a person's walk is apparently even is due to 
the fact that these MV's are too small for us to notice. To 
reduce a large MV in one who does not walk correctly, we 
must apply special training to correct the particular fault. 

Another example can be found in the steadiness of the hand. 
No one can hold the hand absolutely steady; it trembles in 

one direction or another. If the MV of the distance of its 

trembling is small, the hand is normal. If the trembling is 

great, as in nervous, choreatic, or intemperate persons, the _i/V 
is very great. The quickest way to measure the trembling of 
the hand is to attempt to insert a fine point on the end of a 
stick into a small hole without touching the sides. The per cent. 

Steadiness-guage. 

of successful trials gives the coefficient of regularity. You may 
be tempted to say that the regularity of movements is a matter 

beyond the power of education. I happen, however, to be 
able to give (for the first time) some definite facts on the sub- 

ject. One of the young ladies in my laboratory has been 

making experiments on just this point. Her results show that 
the control over the steadiness of her hand develops regularly 
with practice. Moreover, practice of the right hand develops 
the left although she does not practise that hand. The educa- 
tion seems to be an education of attention.* 

* Studies from the Yale Psychological Laboratory, 1894 II, I114. 
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- a 3 $ f 6 7 8 9 /o 

Increase of r while educating the arm in steadiness. 
n 

II. PRINCIPLE OF ACCURACY 

Suppose you are trying to draw a straight line 2 inches long. 
You try it a number of times and average up your results. You 
will find that they will not average exactly 2 inches but more 
or less. The amount by which your average differs from the 
actual 2 inches will be the constant error. For example, sup- 
pose the resultsof o trialstobe 2.09, 2. I0, 2. I7, 2. I 5, 2. I6,2. 17, 
2. 19, 2.09, 2. i6, 2. 12. The average is 2. 14, which means a con- 
stant error of o. 14 inch. for 2 in. or 7 per cent. This you see 
is quite independent of the coefficient of regularity. The mean 
variation of the results from the average is 0.032 in. or 1.6 per 
cent.; the coefficient of regularity is thus 1~ = 621. 

e Another person may be much more or much less irregular, but 

may have the same constant error; or he may have quite a differ- 
ent constant error and may be the same or different in regularity. 
The two are quite independent. I will take another set of re- 
sults, say, 1.99, 2.04, 1.90, 2.02, 1.94, 2.00, 1.9I, 2.03, 1.95, 

. 92. The average is I. 97, or a negative constant error of o. 03 in. 
or I.5 per cent. The mean variation is 0.046 in. or 2.4 per 
cent.; the coefficient of regularity is 4I . This individual is 
thus more accurate but less regular. To make an exact com- 

parison, the constant error of the second is 1 or 3 as large as 7 -.6 orT area 
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that of the first. Since the larger the error the less the accu- 

racy, we say that the comparative accuracy of the second is 
1, of that of the first, or nearly 5 times. This turning of a 
fraction bottom up is called taking its reciprocal. In general the 

coefficient of accuracy is the reciprocal of the constant error. 
Thus if a person's constant error is 7 per cent. or Ty. his coeffi- 
cient of accuracy is -10 or I4T. If A denote the coefficient of 

accuracy and CE the constant error, then A C 
CE 

The principle of accuracy can be thus stated: 

Accuracy in the perception of stimuli, in the association 

of mental processes and in the execution of volitions is to 
be cultivated to as great a degree as is consistent with the prin- 
ciple of economy. The measure of accuracy is the reciprocalof 
the constant error expressed as a fractiou of the true result. 

Let me now give you a few practical examples in which both 
the MV and the CE are of importance. Suppose you have a 
line of boys marking time. Let us attach to each a foot-key 

Foot Key. 
that makes a record for each step, and compare these records 
with the actual strokes on the piano. Some of them will give 
records like this: 

I, 1, 1, I , l: 1 1 i, 1 
Regular Retarded Rhythm. 

The vertical strokes denote the emphasized notes on the 
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piano; the dots indicate when the foot is brought down. 
These boys will be very regular but will have a constant error. 

They are always behind time. Others will have records like 
this: 

, .1 J 1. I J ,I L_ 
Irregular Accurate Rhythm. 

These boys will be quite irregular but will on the average be 
"on time ". Others may have records of this kind: 

I I I J I I 1 I J 1- 
Regular Accurate Rhythm. 

These will be very regular and accurate. Finally there will 
be some who are both irregular and inaccurate. These may 
give records like this: 

I. eI 1 1 i i . i. .1 .1 I 
Irregular Retarded Rhythm. 

They are on an average ahead of time and are very irregular 
in being behind time. These records are not purely imaginary; 
similar records have been obtained in experiments carried on 
in my laboratory.* 

A player in an orchestra or a band must not be ahead of or 
behind the others. He must not be irregular. He must, how- 
ever, have a constant error in being just as far behind baton 
of the leader as the others are. 

Many investigations have been made on regularity and accu- 

racy in psychological processes. 
One of the great fields of investigation is what is called 

measurement by the eye, or the judgment of different distances. 
One problem would be to take a line and put two dots upon it, 
setting off a certain distance, and then putting on another dot 
half way between the two. A man makes a certain error every 
time. The mean variation and the constant error are charac- 
teristic of the person, or characteristics of his condition. If he 

'Thinking, Feeling, Doing, Chap. xix, Flood & Vincent, Meadville, Penn. 
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is fatigued, he will have a much larger mean variation than he 
otherwise would. In manual training, and all questions where 
we have to judge distances by the eye, or make eye-measure- 
ments, special training is necessary. In some institutions 
models are placed in certain positions and are to be judged 
entirely by the eye, in order to gain the proper accuracy in this 

respect. When a student begins, his mean variation is very 
large, but it finally gets down very low. The ability to locate 
distances is of great benefit in the trades. Every free-hand 

artist, decorator, sign painter, tinsmith, even the bricklayer, 
depends for success on his regularity and accuracy of eye. I 
will even venture the statement that there is not a profession, 
trade, occupation, or even many complicated acts of ordinary 
life that do not depend on measurement by the eye. A surgeon 
with a large mean variation will be liable to cut an artery that 
ought not to be touched; a seamstress will make uneven 
stitches. You can readily see why manual training (which is 

largely eye-training) should have a prominent place in schools 
and colleges. 

III. PRINCIPLE OF RAPIDITY 

Time is money. Rapid thought and quick action some- 
times make all the difference between success and failure. 

Every thought we think, every act we perform, takes time. 
A man who can think and act in one-half the time that 
another man can, will get ahead. If we could think twice as 
fast as we do, we should live twice as long, although we should 
live only the same number of years. Country people think 
more slowly than city people; the uneducated more slowly 
than the educated. In general the Americans are very rapid 
thinkers. 

To-day the mental processes of the mass of the people 
go at a much more rapid rate than they did a few 
centuries ago. The mind has been educated by our 
whole civilization to act more rapidly. The difference be- 
tween the sluggish Englishman of mediaeval times and the 
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quick Yankee of to-day is delightfully told in Mark Twain's 
"4 King Arthur." If it were possible to take a man of two cen- 
turies ago .and bring him into the laboratory, the results ob- 
tained from experiments upon him would be entirely different 
from those obtained from one of the students of to-day. The 
reactions of the student would be much more rapid, es- 

pecially the complicated ones. 
A great object in the education of children is to reduce their 

reaction times. When the country boy first comes into the 
schoolroom everything he does takes him a very much longer 
time than when he has been there for a while, especially any 
complicated act. Arithmetic for example, is simply a matter 
of the association of a set of ideas. We give so much time to 
do an example. When that time is over the pencil must be 

put down the slate dropped. The child who is slow is at 

great disadvantage. Education in arithmetic, especially men- 
tal arithmetic, has for one of its objects the reducing of the 
reaction time in associating ideas; say one-half of the in- 
struction goes toward producing a firm memory of the associ- 
ations and the other half toward making them more rapid. 

The principle of rapidity can be stated in this way: Rapid- 
ity of perception, rapidity of association, and rapidity of exe- 
cution are to be developed as far as consistent with/ the prin- 
ciple of economy. The relative measures of rapidity are as 
the reciprocals of the time required. Thus, if three persons 
had reaction-times of 25, 33, and 40 hundedths of a second, 
their measu-es of rapidity stand in the relation 4, 3, and 2-. 

Let me illustrate the principle by a few examples which may 
be made the hasis of regular exercises. 

A person should be trained to rapid movements. The arm 
should be trained to move quickly as in boxing or in fencing. 
Other things being equal, the quickest man "gets there." The 

draughtsman who works for so much an hour knows the im- 

portance of rapid drawing. The type-writer, the type-setter, 
and the mechanic must do as much as possible in a given time. 
Children should be trained to move all their limbs quickly. 
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Special attention should be paid to the arm movements which 
are trained in drawing, writing, putting things in place, as in 

sorting colors or grains of corn as rapidly as possible, etc. 
Other simple exercises might be added, e. g., the number of 
dots or the number of lines that can be made in a quarter of a 
minute. 

One of the most important abilities to be devoloped is the 

rapidity of mental grasp or rapid sweep of attention. We all 
know the story of how Robert Houdin and his son educated 
this faculty. They would walk rapidly by a shop window, 
casting a single glance at it. Halting at the next corner they 
would try to recall all they had seen. At first they could 
mention only half a dozen objects, but the number rapidly in- 
creased till the son could note at a single glance everything in 
the window. The marvellous feats the son was afterward able 
to perform are told in Robert Houdin's memoirs. The import- 
ant point is that they were wholly the result of careful, la- 
borious education in rapidity of perception. 

Innumerable exercises for this purpose can be carried on in 
direct assistance to the regular work of the schoolroom. The 

spelling of words can be learned by quick glances; the outline 
and parts of a country can be taught in greater and greater 
detail by successive quick exercises; a problem in mental 
arithemetic is to be grasped with only a momentary presenta- 
tion of it; an object is to be drawn from an instantaneous 
glimpse, etc., etc. I have no space to go into details here, 
but I can say that there is not a single school exercise that 
cannot be so taught as to train this ability. In fact the children 
are naturally quicker than we suppose them to be, and I will 
venture the statement that lessons of interest to the child are 
nearly always presented in such a way as actually to teach him 
to be slow instead of quick. 

Children should be trained in rapid association. Naming an 
object is an example of association of a set of motor impulses 
to a percept. See how many objects around the room can be 
named by a child in 20 seconds. Try this once a day for a 
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month; you will be astounded at the progress made and still 
more astounded at the delight the child takes in developing one 
of his most important abilities. Write the name of something 
on the board; see how many names of objects in some way 
connected with this can be written on the slate in one minute. 
Have you an uninteresting lesson to teach, e. g. the cities of 
the United States ? Put your questions in this way, with a 
watch in your hand: "John, I am going to ask you a question 
on the cities of the United States and you must give as much 
as possible in Io seconds from the moment I say the last word. 

Ready !-principal cities in the State of- -New York." 
Arithmetic is almost entirely a matter of association of ideas. 

The present lifeless and stunting methods of teaching it should 
be replaced by methods aiming at rapidity and accuracy. 

Here, too, almost every exercise at present used in the 
schools could be so taught as to contribute to education on this 

principle and that, too, at a saving, not an increase, of time 
and labor. The only new thing required is a thorough knowl- 

edge of the principles of the new psychology on the part of 
the teacher. 

Rapid distinctions and judgments form a large part of our 
mental activities. They can be cultivated in a thousand and 
one ways: in rapidity of sorting color-tablets, in arranging 
them according to likeness, in telling differences of form by 
touch and sight, etc., etc. 

These three principles consist of two parts; an old and a 
new. The older part is the popular notion that we must learn 
to be regular, to be accurate, and to be quick; the newer part 
is the development of definite ideas of each of these concepts 
and the application of accurate methods. 

Perhaps I have disappointed you in one respect. You may 
have expected me to tell you about the best methods of teach- 

ing geography, spelling, etc. But I do not believe in " teaching 
geography," "teaching spelling," etc. ; I do not believe in 

teaching any subject to children under twelve. Below that 
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age the children should be developed, should be educated, 
according to the methods best suited to their powers. You 
must develop their abilities in the very best ways, by the very 
best methods, regardless of how many facts you pound into 
them. If, during such development you can use means that 
also teach facts, so much the better. By geographical lessons 

you can develop their quickness of perception, their rapidity 
of thought and action, their accuracy of discrimination, their 

persistence, memory, etc., within the same time and with the 
same facts as you now use in what is called " teaching geogra- 
phy." The means are the same; the difference lies in the ob- 

ject in view,-intellectual and volitional development versus 

memory-cram. The difference in purpose means a difference 
in methods and a difference in results. In one way you develop 
the mental ability of the child and at the same time provide 
him with the requisite store of facts; in the other you may 
achieve the memory of the facts, but at the cost of deforming 
and stunting the child's mind. 

I hope that these principles, so briefly stated, may not seem 
too revolutionary or too unpractical, but I wished to 
give a glimpse of a new pedagogy, not Herbartianism or 
anti-Herbartianism, not the system of any one person, but a new 
pedagogy as founded on the new (or experimental) psychology. 
The new psychology determines by careful observation and 
experiment the laws of mental life; incidentally we do a lit- 
tle of what educators ought to do, namely, by actual experi- 
ment and observation we sometimes make an effort to deter- 
mine the best methods of developing each ability. The old 
psychology was the psychology of guess-work; the new psych- 
ology is founded on carefully obtained facts. It is sincerely 
to be hoped that a new pedagogy will rapidly develop on the 
basis of the accurately determined methods and carefully estab- 
lished principles of experimental psychology. The anatomical 
rooms and the physiological laboratory are the foundations of 
the science and art of medicine; the physical laboratory is the 
foundation of civil and electrical engineering; before long I 
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hope to see the psychological laboratory and the psychological 
clinic at the foundation of all education. 

E W. Scripture 
Yale University 

APPERCEPTION 

The relation of the world of mind to the world of matter has 

long been, and still is, a subject for discussion. The theory 
that essence from material objects passes through the nerves 
of the special senses, enters the soul, and in some way forms 
an image upon it,has about disappeared. At present, the ten- 

dency of belief seems to be towards an inner principle, or 

activity, which reacts upon external activity. Every reflecting 
being is no doubt conscious of this inner activity, though no 
one is very clear as to its nature. 

The reaction of inner against outer activity, may be regarded 
as a kind of resistance, and consequently as an expression of 
force generated by physical excitation. 

A result of the reaction mentioned is the formation of a pro- 
duct in the soul, which is supposed, at some stage of its exist- 

ence, to convey to the intelligence some information concerning 
the nature of the external world. In popular language this 

product is called an image, or picture of an object which is 
in the external world. Whether the exact nature of the ex- 
ternal world is thus revealed to the intelligence, however, has 
not been, and perhaps cannot be, determined. So far as we 
can judge, the internal response in no way resembles anything 
in the so-called external world. At best, the intelligence, in 

consequence of a consciousness of a set of internal sensations, 
can only assume the existence of a set of external manifesta- 
tions. The internal activity must be aroused before the assump- 
tion can be made. 

The individual who has no sensation of light can assume 

nothing regarding the color of an object. The consciousness 
of the former is an indication of the possible existence of the 

hope to see the psychological laboratory and the psychological 
clinic at the foundation of all education. 
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